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List of Sources of Material for Presentation

● Instrument
Bill Stabnow/721 and Mike Roberto/725

● Calibration
Bill Eicllllorn/713.3

● Lunar Calibration
Hugh Kieffer/USGS

● Stray Light
Dennis Evans/Arl’R
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MODIS Scie~~ceObjectives

Overall Objective

incluti ing sllrf:lce-atlllt~s}>l~ere illteracti~~ns

Exploiting tl~evisible and infrared spcctrurn a~~d

observation resolutions of 1-2 days and

spatial res~~luti~)nsof {).25-1.1 Km.

4 ()( 5.1



MODIS Scie~~ceObjectives

Land Objectives

Studies of the spatial and temporal variability in land surface
(e.g., Vegetation cover and phenology, SIIOW and ice, radiative

properties
properties

including radiation balance with emphasis on problems SUCh as

desertification, regional vegetation stress clue to acid rain or drought, and
succession or change in vegetation species due to deforestation and
anthrt~pogenic effects.

Ocean objectives

Studies of spatial and ten~p(]ral variability [If oc(:anic surface prt]perties (e.g.,
photosyntllctic” pignlents, sed surface ten~perature, fl{)w visualization,
attenuatic>n coefficients and sea ice) with special emphasis (ln ocean primary

productivity.

Atmospl~ere Objectives

Studies of tropospheric dynamics, climatology and chen~istry as obtained
through observatit)ns {If cloud characteristics (height, type, albedo, etc.),
aerosols, water vapor, and temperature (including surface termperature).



overview of MCST Role

Calibration Site Selection

Scenes are being analyzed for l~on~t~gcnct)llsareas ft~rLlse in tile testing of data.

MODIS-T Operational Cl~aracteristics

MODIS-T in-orbit sceneries L~eingdeveloped.

Cross-Calibratio]l
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MODIS-T ORGANIZATIONAL MODE n~r”
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● MODIS-T lblSTR1.JMEN-r Wll 1. BE 131.Jll--l IN TI IE IN I-IOUSE MODE

- USE A I-EAM OF GOVE13blMEN 1-AN[) S1JPf’OR-l” SERVICE CONTRACTORS

- VERY LITTLE OF TIE INSTR(JMENT WILL BE PROCURED
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GSFC’
Eos-

CRITICAL SCIENCE REQUIREMENTS --=”
——

MODIS-T —

Spectral Range 400 To 880nm

Bandwidth 10 To 15t~ln FW1-iM (32 Bands)

IFOV 1 1 1(111 At Naclir

Linear Polarlzallol] 2 3?0 Over u 20” Tilt

Signal to Noise 50 To 900

Dynamic Range Land and Ocean

Fore/Aft Tilting t 67.5 degrees
-50 degrees

Line Of Sight Knowledge Known To ~ 90 Arcseconds

C428 005
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GSFC’ Eos

TOP LEVEL INSTRUMENT *----–”L
MODIS-T

—
PARAMETERS —

Weight

Power 130 Watt Average
155 Watt Peak

Data Rate 3.1 MII~Is(Day)
0.12 Mt]~]s (Nighl)

-t 67.5( ’/-500 Tilt l“ilt The Scan Mirror

Detector 34 x 30 Pt]otodiode/CCD Interline

Major Mechanisms Single Speed Scan Mirror
Tilt
Diffuser
Wheel

Power Supplies 9 (2 Package With RF Sources)
~C428.006
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GSFC’ TOP LEVEL INSTRUMENT
M[)l)IS-I’ PARAMETERS

Weight 170 l’f~

Power 130 Walt Average
155 Watt Peak

Data Rate 3.1 MII~Is (Day)
0.12 Ml]ps (Nighl)

t 67.5( ’/-500 Tilt lilt The Scan Mirror

Eos._.—- ____ ___
=’-< ———.———-–———

Detector 34 x 30 Photocliode/CCD Interline

Major Mechanists Single Speed Scan Mirror
Tilt
Diffuser
Wheel

Power Supplies 9 (2 Package With RF Sources)
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WHISKBROOM SCAN
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WHISKBROOM SCAN
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GSFC I OPTICAL LAYOUT
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GSFC FLIGHT CALIBRATION SYSTEM

. Use a full aperture diffuser plate at the South Pole,

● Use a solar integrating sphere.

Can be L]sed fro~]~ So~ltl~ Pole to NottlI Pole for instrument
stability nlonilorir]g

Three differer]t flllx

Helium RF sources

levels.

mounted to the integrating sphere provides 5
spectral lines for instrument spectral calibration.

Can be seen by the instr[jment on the back scar

Images the solar integrating sphere on to a smal
located under the scan mirror.

A428.OIB

over -30°/ + 20° tilts.

diffuser plate
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Internal Calibration

On each scan, the MODIS-rr dctect(~rs view an integrating sphere which is illuminated
by the sun. The radiance level of the solar ill~lminated sphere is monitored by two
silicon photodiodes. A dark target is also viewcci dtlring each scan, so these two
targets allow the gain and offset of the instrument to be determined for each scan. The
linearity of the system can be checked by using three apertures which allow the level of
illumination to be controlled. The gain and/or offset may also be functions of such
variables as the detector temperature monitored by thermistors.

In ad~iiti~ln t(j Illcasllrillg tile s~’l~st~rgai]~, tl]c z~:ro {)ffsct mtlst alst) lJC cietermined.
LJndcr r{l~]tine ~Jperating collditit~ns, tl~e zcr~) offset will [JQ mcastlrcd by scanning
across all int~>rnal dark target. Two otl~cr l~~cth~)ds (}fn~casuring the zero t}ffset include
deep space lo~)ks and views of the di~rkside of the Earth. These latter twt~ approaches
rc(luire the instrtlment t~~be placed in n(~n-rolltine n~t)dcs of operation. ‘1’hedeep space

looks occur only when MODIS-T is tilting by 500”or more S(Jit will seldom be llsed. Ill
addition, only a portion of the scan mirror tvill be sampled, although the portion
sampled will be different from that san~plcd by norms] operations when the internal
dark target is used, The darksi~ic of the Eartl~ is nt)t normally viewed since no data is
taken at these times. The zcr(~s measllred by using the internal dark target, deep space,
and the darkside of the Earth sh(JIIld all a~rec if the instrllmcnt is t>ehaving correctly.

,It .\(l<Ill’ hl( )1 )1S ( ‘,llil,r,~tit}l] l’.IIIt,l hllttillg/NASA/C ;Sl:C

1)/2 H/~)15::lo I’kl
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MODIS-T Internal Calibration System Flux and S/N

iinglc Integrating Sphere

Band Wavelength LTYPICALO LIYPICAL(
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2.M 736
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1,61 661
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1.31 558

1.25 546
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M~LS-T tide Raatance Calwlaton
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Solar Calibration

A deployable solar diffuser plate is part of the MODIS-T design. The diffusing plate
will be deployed on an arm about 50 cm in length when the satellite is crossing the
equator. Assuming the material in the diffusing plate maintains its characteristics, the
plate provides a stable repeatable source. The diffuser plate consists of three separate
sections - two sections are composed of Spectralon (-1070 and -80% reflectance) and
one section is composed of roughened aluminum. The aluminum will be used to
provide a stable source over time to check the degradation of the Spectralon panels.

Since the diffuser plate is subject 10 contaminati(}n and other changes with time,
particularly if exposed to s(~lar ultraviolet radiatit~l~, under normal conditions it will
be st~}wed in a protective tlpaqlle housing. The fre~]ucncy of deployment will be kept
to a minin~~ln~, perhaps LJIICCper month, to assllre that a stable repeatable source is
available over the five years c~f the missit)n. WIICII tl]e diffl]ser is d~’ployed, it will
cover part of the Earth as seen by the instrlln~ent. l’l~Lls, the data collection procedure
remains the same as whc’n it is I]ot depl~lyed and the (Jnly requirement in the data
pr{)cessing is to rec(~gnizc~ th~’ instrun~(’nt nlodc at~(l aIIalyze the data properly.

This rncthod of calibration is a prinlary method of calibration since the entire optical
path of the instrument is monitored.



ol)lics I>I;IIC

hlt)(lis oi)lics

d

Sccon,l:iry hllrr(~r
—

};)1(1 tldl

I)rinlwy Mirrt

,#,,
,,,,
,!

,,

,>

,,
,>,,
,,

,!

,!

,,
,!

,~>,,
,.’!

‘/s’
,.,

#, J.!
!,’ .,
,. .,
,, ,,

\
k...,,-.

‘.,——-——~z — ——-———-—
—, L.... . . . . . .aT _______ ——_

“r “-“‘“’G-+”””--.
Sciin hlirlor I S l)if[uscr

-1070 -8070

Scan hlirr(,r Roliilio[i”,.\.iIs l)iirdllcl t,) X axis iit NAI)IR

X-Axis

01)1 S-’1” (’;llil)l:lli{)l] SyslcIII ‘1’ol) Vic\v



.—

F 2.57” I

L-

.—

slwlraloIl 1Oqo

2.92”
‘t’-- -.

Spwlralor]8(WO

——

351” 1

Alitlllil]~llll

MODIS-T Solar Diffllser Pl[tte

—— -1aFrme #1

1

FOV t~fE]llirc Slil (30 Pixcls)--

‘8

Fra[l]e #50

——
FOV(JII Pixel al Sail -----” -----

n

-—

fr:llllc# 1.11

x. -----

( )‘\._.....

,----- \ .,

[),-” \

...-.--”

.._,

[J
‘–\

-’Y

D—f’riulle # 332

. ..

Fl;lrllL, #186



N401)IS-’I Flig[lt Calil)riltioll SyStCIIl EXIICCIC(I Itil(liiillCCS

5.(M) -

1

Single Illtcgrating Silllcrc

[

I

\
lCSMaxinlunl:Pixcl= l,l’ilt Allglc= +20.(),SlinAllg)c= 31.9 m

“’’” { ICS Noininal: Pixel = 1, ‘1’ilt Angle = (),(), SUII AIIglC = 22.5 ()

1.(n)

O.w

4.(M)
t

)“(
) :S Minin,un,: Pixel = 1, ‘rili AIIglc = -20.(), Sun Angle = 13.2

‘) (, o

‘)1 A

410

-A A- AA AA AA AA ‘A AA AAA AA ‘AA AA A- A- AAA AA

_._\ .._+ _...l- {- .1------ f-- [ t j --{ \ I -1 I
, , ~ ,_ , ,___\_ , .{ , , ._+__.+_.--l I

710 785 Ua)

485 560 635

-..

w;IvclcIIgllI ill 11111 -. -.



..

70.(N)

60.()()

50.(M)

1
2y
:!
~ 40.()()
u
>
E
s

g :}().()()
g

2

20.(M)

1().(W

O.(M)

410 485 500” 035 710 785 860

W;IvlSltLII~ll) ill 11111



Pre-Launch Integrating Sphere Calibration

38 ()( 54 ‘It 30S[{1” Mc>l)IS C~libration l’Jncl Mt*t~ting/ NASA/GSFC
9/~~/t)15:30[JM
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He Line Source Spectral Characteristics

Source RelauveLine MODIS-TSPCcmal7. ofin-band NorrnallzcdMODIS-T Totalin-band

Wavelength Strength Band Energ! In-bandSpecualBand Kacilanc:
Radancc Rela[lvetoPA

47.148 0.601 440 jq,7i-.. . (),314 4(} 0.31:
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Schen~aticdiagraln of’the Band 1 MODIS-T detector



Lunar Calibration

When MODIS-T tilts by 50~ or ]~lorc, it is capable of viewing deep space. At sLIcl~
times it is also cable of viewing the full moon. The moon is a relatively stable radiation
source, which potentially allows it to be used for calibration.

Only six of the 32 detector are exposed to lunar radiation when the
moon is viewed and the intensity of the source is low compared to the Earth, so the
signal-to-noise ratio may not be high. The moon is a relatively stable radiation source,
which potentially allows it to be used for calibration. The intensity of the lunar disk
will vary during the year as the Earth-S~ln distance changes and will also vary with the
lunar libration angle. Given the precise illumination and observati(~n geometry, a high
spatial resolution model of the spectral radiance from the moon will be calculated.
This radiometric inlage will then be transforms to nlatcll the rc’solution and orientation
of MODIS-T. I)eriodically then, MODIS-T will be exposed to a stable radiometric
source, allowing the long-term stability of the instrument to be monitored. I iugh
Kieffer of the USGS-Flagstaff is the principal investigator for lllnar calibration.

This method of calibration is a primary method of calibration since the entire optical
path of the instrument is rnonitore(i.

MCST (ML)I)IS Cl~aract~~riz,lti[J1]S1]f]l,~]rt‘[~,1111)i’rt,st’i~l,~litltl

J.1,.B,irkLr(NASA /(; Sl’(’/925)

,]! 30S11”hlol)lS{’,llil,r,llitJll I’,IIICI hl{’c>lil~g/NASA/(;Sl:C

9/28/915:30 I)kl



MODIS-T Science Calibration/ Characterization Plan
Outline and Responsibilities

Introduction Barker, I’etroy

Pre-I.aunch Calibration/Characterizatiol~ Methodology GSFC Code 700

In-Orbit Radiometric Calibrt I I if~n/Characteriza tion Methodology
Instrument-Based Calibration

Internal sources
External solar

‘1’,lrgc[-1).iscd (’alibrclli~)ll
Target Related /GroLln(i R(’ftcctal]ce
Bio-optical Oceans

image-Relateci
Radiometric Rectificatit~l~
Class-Specific Scene E(]ualization

GSFC Code 700
Guenther, Barker, Geller,
1Ioyt, Mecherikunnel
Kieffer, Iioyt

Sl~iter et al., Markham
Evans, Ilsaias

l~all, Barker
Barker, Markham, Bllrelbach

In-Orbit Geometric Calibration GSFC Code 700

In-Orbit Speclral Calibration GSFC Code 700

Offical MOI>IS-T/MCST Calibratiol~ Algorithm Barker, I’etroy
Algorithm Sensitivity/Sin~ulatiO1] Studies Barker, Markhanl, Ungar,

Justice, Tofvnse]]d, Esaias, Kil~g



● Basic

1)

2)
3)
4)

Prclill~il~ary Stray Ligl~t Report for MODIS-T

Dennis Evans, Advanced Technology and Research Corporation (ATR)

Assunlptions:

All stray light hitting the slit between the primary mirror and the secondary mirror will
make it to the detector.
All stray scatter sol~rces after the slit will be minimal.
All optical surfaces will have a rotlghtness of 40 A rms.
All strllcttlral st]rfaces are covered with Chemglaze Z3(16 (black paint).

● Model:

Arizona’s Paraxial Analysis of Radiation Transfer/Paraxial Analysis of Diffracted Energy
(APART/PADE) - a deterministic stray radiation analysis program.

● Results:

1) MODIS-T meets its stray ligl~t spc’cificatitlns (2 to 5 orders of magnit~.]de lower than specs).
2) The optical elements are the predominant stray light contribtltors - primarily the effects of

SL1rf~CeroLlghIleSS.

MCST (MODIS Charactcrizaticjn Support “1’t,aln)I’r(,sc~nt,]tit)ll 46 of 54 al 30S1;1”Llol )iS Calibr.lti~Jn I’an~’l kll>eting/ NASA /CSFC

J.1..Barker (NASA/L;Sl’C/925) 9/28/915:30 I’M



Normalized Power Hitting tl~e Slit from a Scattering Point Source
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Power on Slit vs. Surface Rougl~ness of Optical Elements
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Summary of P. Slater’s MODIS-T Calibration Questions
(April, 1991) (1 of 4)

(answered originally in May 2nd letters from T. Magner)

1) Intensity of 2-sphere Solar Calibrating System

2) UV stability of internal 1S surface

3) I’hotodiode 10ss of sensitivity in orbit

4) Solar diffuser material

49 of 54 ~]t30S111”NIcJI)[S Ct]libr,~ti{jn [’ancl M(’{’ting/ NASA/GSI:C

9/28/915:30 I’M



Parapl~rasing of Slater’s MODIS-T Questions (2 of 4)

withupdating of answers

1) Is internal calibrator solar throughput adequate with 2 spheres?

Current plans (see spreadsheet output) call for
using only one 0.98 reflectance sphere,

with 78Y~efficient IS-to-cone co~lp]er
with 98Y~efficient CEC Winst(]ll cone, and
with original ft~ctlsing lens removed.

Maximum expected solar radiance from the 1S is
less than typical expected at-satellite radiance from ocean

for wavelengths below about 640nm, and
more than typical above 640 nm (see Figure)

Maximum expected solar radiance from the IS is
about a factor of six less than maximum (see Figure)

MCST (MODIS Characterization Suppurt ‘1’cain)[’rcs~~rt[atit)l]
j. L.Barkl~r (NASA/GSI’C/925)
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Paraphrasing of Slater’s MODIS-T Questions (2 of 4)

with updating of answers

1) Is internal calibrator solar throughput adequate with 2 spheres?

Current plans (see spreadsheet output) call for
using only one 0.98 reflectance sphere,

with 78% efficient IS-to-cone coupler
with 98% efficient CEC Winston cone
with original focusing lens removed.

Maximum expected solar radiance from the IS

and

is
less than-typical expected at-satellite radiance from ocean

for wavelengths below about 640nm, and
more than typical above 640 nm (see Figure)

Maximum expected solar radiance from the IS is
about a factor of six less than maximum (see Figure)

510(54 ,]t 10S1l) ML)l)IS C,]librati~Jn[’,~ncl Mcc~ting/NASA/( ;Sl:C

9/28/915:30 I’M



Paraphrasing of Slater’s MODIS-T Questions (3 of 4)

with updating of answers

2) Is UV-degradation of solar illuminated IS Labsphere surface a problem?

Current plans call for
an IS coating of

either a stable paint, or
100% pure SpectraIon, and

a UV blocking filter as one element of the IS aperture mechanism
with an open aperture on the aperture mechanism

to occasionally check for degradation of the filter.

3) Will the photo-diode monitors in the IS degrade in orbit?

Relative and absolute stability of photodiodes
expected to be high on time scale of months

e.g. between pre-launch and in-orbit calibrations
and between orbits

MCST (MOIJIS Characterization St]pp{)rt ‘[’can]) I’rcsunt,]ti(jrl
J.L.Barker (NASA/GSf’C/925)
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Paraphrasing of Slater’s MODIS-T Questions (4 of 4)

with updating of answers

4) What material is planned for solar diffuser?

Three sections are planned for solar panel

5-20% reflectance doped Spectralon

100% reflectance pure Spectralon

non-Lambertian roughened aluminum

(Expected to be UV resistant)

I

MCSr (ML)l~lS Ctlaraclcrizatit)n SL1fll]t)rt‘l’((IIT]) I)r(,sf,nt,]ti(jn
J.1..[l,lrkcr (NASA /(”;Sl’(’/925)
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MCST Feedback Sheet

Questions ? Concerns ?

Suggestions ? Actions for Next Meeting?

—.

Name: Date:

For E-mail correspondence address GSFCmail:JBarker, JHarnden, or HGeller.
For updates on tl~e latest events and available documents, Cl IECK MCST.B13 bulletin board on GSFCmail.

MCST (MODIS Chat-actcrization Support Team) I)rcse]]tatiorl 540f 54 at 30SEI” MO[>IS Calibration [’ancl Meeting/NASA/GSFC

J.L.Barker (NASA/CSFC/925) 9/28/915 :30PM


